Problem statement
=================

Colorectal cancer (CRC) is considered to be a major public health problem \[[@b1-cm-92-21]\]. It is the third most frequent cancer worldwide and also the fourth most frequent cause of death \[[@b2-cm-92-21]\]. According to the World Health Organization (WHO), CRC is the second most common cancer diagnosed among women and the third most common cancer diagnosed among men \[[@b3-cm-92-21]\]. At the European level, it is the most common cause of cancer death following lung cancer \[[@b4-cm-92-21]\]. At a national level, in Romania the incidence of CRC is increasing \[[@b5-cm-92-21]\].

There is a wide variation of CRC rates among specific geographic areas due to different exposure to risk factors, screening and also access to appropriate treatment services. It is considered to be a disease of the developed world, but the rates of the new cases of CRC have been increasing in the developing countries. The global burden is expected to increase due to the growth and aging of the population and because of behaviors and lifestyle \[[@b6-cm-92-21]\]. It is estimated that by 2030 the global burden of CRC will increase by 60% to more than 2.2 million new cases and around 1.1 million deaths \[[@b7-cm-92-21]\].

CRC is considered to be a nearly ideal disease for screening because it can be identified and definitively treated, preventing both the mortality and morbidity associated with the clinical course of this important disease \[[@b8-cm-92-21]\].

Previous studies have demonstrated a broad variation in preferences for the CRC screening tests, as tests differ regarding benefit and potential harm. Guidelines tend to underline the role of individual preferences in the selection of a screening test, as they have been found to influence uptake in a CRC-screening programme. There is insufficient evidence to recommend one screening test over another \[[@b9-cm-92-21]\]. Patients will have a preference for one type of screening test over other tests if provided sufficient information regarding these tests \[[@b10-cm-92-21]\]. The adherence rate to CRC screening is generally more important than the screening strategy that is being used \[[@b8-cm-92-21]\].

There are different screening tests for the detection of CRC, each of which has advantages and limitations. The aim of this review is to present the evolution of the CRC screening strategies by using the most recommended CRC screening guidelines.

Individuals at risk for CRC
===========================

Several factors are associated with an increased risk for the disease. Some risk factors are modifiable, such as obesity, diet, lack of physical activity, smoking and alcohol consumption. Some protective factors are: higher intake of dietary fiber, green leafy vegetables, calcium and folate \[[@b11-cm-92-21]\].

Other risk factors cannot be modified, such as racial and ethnic backgrounds, a personal or familial history of colorectal polyps or CRC, Lynch syndrome, a personal history of inflammatory bowel disease, and the presence of type 2 diabetes \[[@b11-cm-92-21]\].

Advancement in age increases the risk of developing CRC. It is estimated that 90% of the CRC cases occur in people aged 50 or older \[[@b12-cm-92-21]\]. The incidence rates of CRC are estimated to be 50 times higher in individuals aged 60 to 79 compared with those younger than 40 years. However, the cases of CRC have been increasing among younger individuals \[[@b13-cm-92-21]\].

High-risk individuals refer to patients with personal or familial history of CRC and adenomas, hereditary CRC syndromes, adenomatous polyposis, and inflammatory bowel disease. These patients should consult with their health care providers to determine when to begin screening and how often to repeat it \[[@b11-cm-92-21]\].

CRC screening
=============

Previous scientific findings have proved that a significant percentage of CRC deaths are due to absence of screening \[[@b14-cm-92-21]\]. Knowledge of preventive methods, improvements in therapeutic and diagnostic procedures, advances in the quality of preoperative assessment and treatment have been proven to contribute to the decrease of the CRC cases \[[@b2-cm-92-21]\]. Less invasive technologies have been developed in order to replace the highly invasive colonoscopy \[[@b15-cm-92-21]\].

Screening methods for CRC
-------------------------

Non-invasive tests refer to stool and blood-based tests along with radiologic tests \[[@b16-cm-92-21]\]. Available screening methods for CRC refer to fecal occult blood testing (FOBT) that can be guaiac based or immunochemical. It has been proved in randomized control trials that annually FOBT decreases the colorectal mortality rates by approximately 30%. These tests include detecting blood or shredded cell debris by vascularized polyps, adenomas and cancers \[[@b3-cm-92-21]\].

Invasive methods of screening refer to the flexible sigmoidoscopy (FS) and colonoscopy which provide direct visualization and identification of a colonic poly or advanced neoplasia with the benefit of getting a pathology specimen \[[@b17-cm-92-21]\]. Colonoscopy is considered the gold standard instrument of screening with a high specificity and sensitivity. These tests provide the opportunity to identify, detect and resect neoplasia and precancerous lesions among the entire large bowel and are considered the definitive examination when the other screening tests are positive \[[@b18-cm-92-21]\].

Recommended guidelines for CRC screening
----------------------------------------

Organizations such as American Cancer Society (ACS), United States Multi-Society Task Force on Colorectal Cancer (MSTF), and American College of Radiology (ACR) among with U.S. Preventive Services Task Force (USPSTF), American College of Physicians (ACP), American College of Gastroenterology (ACG) and National Comprehensive Cancer Network (NCCN) have focused on guidelines regarding CRC screening \[[@b3-cm-92-21]\].

Guidelines recommend regular screening for CRC and adenomatous polyps in asymptomatic individuals aged 50. However, these guidelines are different with regard to the frequency of screening, to the recommended age when the screening should stop and also with regard to the most frequent and preferred screening methods. For patients at high risk, the recommendations are different with regard to the age at which they should begin screening, the frequency and also the method of screening \[[@b10-cm-92-21]\].

A joint guideline described by these three organizations *MSTF, ACS, and ACR - 2008* recommends that screening for adenomatous polyps and CRC should start with individuals aged 50 in asymptomatic women and men. For the individuals having CRC risk factors (family history of CRC or polyps, personal history of CRC, personal history of chronic inflammatory bowel disease and family history of hereditary CRC syndrome such as familial adenomatous polyposis or hereditary non-polyposis colon cancer) it is suggested that they should undergo colonoscopy at an early age and more often than average risk individuals \[[@b19-cm-92-21]\].

In order to detect adenomatous polyps and cancer it is recommended to use the following tests: FS every 5 years, colonoscopy every 10 years, computed tomographic colonography (CT colonography) every 5 years and double-contrast barium enema every 5 years \[[@b19-cm-92-21]\].

For detecting cancer, it is recommended the annual guaiac-based FOBT with high test sensitivity for cancer, annual fecal immunochemical test (FIT) with high test sensitivity for cancer and the stool DNA test which has a high sensitivity for cancer at an uncertain interval \[[@b19-cm-92-21]\].

The guidelines of *ACG - 2008* support the division of screening tests into two main categories: cancer prevention tests and cancer detection tests, but recommends a preferred cancer prevention test - colonoscopy every 10 years and a preferred cancer detection test - FIT \[[@b20-cm-92-21]\].

The guidelines of *ACP - 2012* recommend that average-risk individuals, aged between 50 to 70 years old, should be screened for CRC by one of the following strategies: annual high-sensitivity FIT or FOBT; colonoscopy every 10 years, flexible sigmoidoscopy every 5 years, annual high-sensitivity FIT or FOBT, high-sensitivity FIT or FOBT every 3 years plus flexible sigmoidoscopy every 5 years. However, for average-risk adults younger than 50 years old, individuals older than 75 years old or with an estimated life expectancy of less than 10 years screening for CRC is not recommended \[[@b21-cm-92-21]\].

*NCCN - 2013* has different guidelines for average-risk and high-risk individuals. The recommendations for average-risk individuals are similar to the ones recommended by the Joint made of ACS, MSTF and ACR \[[@b22-cm-92-21]\].

*USPSTF - 2016* considers that screening for CRC should begin at the age of 50 and end at 75 years old. For individuals aged 76 to 85 years old, the choice of screening should be individualized, taking into consideration the patient's general health status and prior screening history. Furthermore, USSTF does not recommend screening for CRC for adults above 85 years old \[[@b23-cm-92-21]\]. Stool-based screening test and intervals are represented by: FOBT and FIT, every year and FIT-DNA every 1 or 3 years. Direct visualization screening test and intervals are: colonoscopy, every 10 years; FS every 5 years; CT colonography every 5 years \[[@b23-cm-92-21]\].

*MSTF - 2017* which represents the American College of Gastroenterology (ACG), the American Gastroenterological Association (AGA), and The American Society for Gastrointestinal Endoscopy (ASGE) groups the CRC screening tests into 3 tiers based on costs, practical considerations, and performance features. The first-tier tests are annual FIT and colonoscopy every 10 years. The second-tier tests include the FIT-fecal DNA test every 3 years, FS every 5 to 10 years and CT colonography every 5 years. Capsule colonoscopy every 5 years is a third-tier test because of limited evidence and current obstacles to use \[[@b24-cm-92-21]\].

*ACS - 2018* reviewed its CRC screening guidelines, recommending that regular screening (with either a high-sensitivity stool-based test or a structural examination, depending on patient preference and test availability) for individuals at average risk should start at 45 years old. Another recommendation refers to the fact that regular CRC screening should be performed until the age of 75 for people with a good health status and with a life expectancy of more than 10 years. Moreover, the medical provider should discuss with individuals aged between 76 and 86 whether they should continue screening or not by taking into account their personal choices, life expectancy, general health status and prior screening history; For individuals aged over 85 years old is it recommended that colorectal cancer screening should not be performed. The ACS recommendations for CRC screening are: FIT annually; high-sensitivity, FOBT annually; multitarget stool DNA test every 3 years; colonoscopy every 10 years; CT colonography every 5 years; and FS every 5 years \[[@b10-cm-92-21]\].

Discussion
==========

The majority of the guidelines recommend to start the CRC screening for average-risk individuals at age 50, based on the steep increase of CRC beginning around this age \[[@b3-cm-92-21]\]. These guidelines also recommend an upper age screening threshold varying from age 70 to 75, based on associated harms potentially exceeding benefits if screening is continued after that age \[[@b25-cm-92-21]\]. The most recent guidelines of ACS (2018) recommend that adults aged 45 years and older with an average risk of CRC should undergo regular screening with either a high-sensitivity stool-based test or a structural (visual) examination, depending on the patient's preferences and test availability \[[@b10-cm-92-21]\].

All the guidelines have considered FOBT (annual or biennial), FIT (annual), FS (every 5 years) and colonoscopy (every 10 years) as the most preferred screening options. However, there are discrepancies with regards to which tests should be preferred for screening. CRC screening intervals remain an area of uncertainty. When choosing the most appropriate screening intervention to improve and optimize the real-life effectiveness of CRC screening, resource availability and individual preferences should be considered as well \[[@b3-cm-92-21]\].

Regular screening is considered the most effective method of detecting precancerous growths and CRC as early as possible. Cancers that are identified at an early stage can be treated more easily and lead to greater survival \[[@b17-cm-92-21]\]. The benefits of adoption and promoting guidelines for screening for CRC can lead to ninety percent of all individuals with CRC at an early stage to be alive after 4 years \[[@b25-cm-92-21]\].

Targeted public health programs and the involvement of the medical community can develop effective methods to communicate the importance of screening and the options of CRC screening to the public. It is a well-documented fact that awareness can boost the screening rates \[[@b26-cm-92-21]\]. There is a high interest in the role of primary care providers to encourage regular screening taking into account existing guidelines due to the fact that they have a high-level of contact with the target population at risk \[[@b27-cm-92-21]\]. Primary care practice is usually the first option for delivering CRC screening services through education, prescriptions for screening tests and also recommendations \[[@b28-cm-92-21]\].

Conclusion
==========

Considering the importance of CRC guidelines, the adoption of these recommendations can lead to major reductions in the CRC mortality, saving a big percentage of lives per year. The widespread adoption of these guidelines requires involvement from different health care institutions. Furthermore, at the national and local level, multiple targeted efforts should be made in order to expand CRC screening. The recommendations and advices of a healthcare physician are considered major determinants of patients deciding to screen and comply to the recommendations received.
